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SELF-STABILIZED OU60NUCLE0TI0ES AS THERAPEUTIC AGENTS 




1. 



TtiB invention relates to novel therapeutic agents 
used in the antisense oligonucleotide therapeutic 
approach. More particularly, the invention relates to 
iqproved antisense oligonucleotides that have increased 
resistance to nucleases. 
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2. S3l 

The antisense oligonucleotide based therapeutic 
principle provides an attractive strategy for rationally 
designing antiviral drugs and cheaotharapeutic agents 
against other pathogens, and against disease conditions 
resulting from disorders of gene e]q>ression. The 
therapeutic principle relies upon specific .binding 
between a target nucleic acid sequence and a 
oomplenentary oligonucleotide. Several publications have 
deaonstrated the efficacy of oompliBentary 
oligonucleotides in inhibiting gene expression by such 
specific binding. 

Zanecnik and Stephenson, Free. Natl. Acad. Sci. USA 
2a: 285-288 (1978) discloses specific inhibition of Rous 
Sarcona Virus replication in infected tihidcen fibroblasts 
by a l3-mer synthetic oligodeoxynucleotide that Is 
conpleaentary to part of the viral genome. 

Zanecnik et al., Proc. Natl. Acad. Sci. USA £1: 
4143-4146 (1986) discloses inhibition of replication and 
expression of huaan lanunodeficiency virus (HIV-l, then 
called HTLV-III) in cultured cells by synthetic 
oligonucleotide phosphodiesters conplbmentary to viral 
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More recently, it has been reported that 
oligonucleotides having greater resistance to nucleolytic 
degradation than oligonucleotide phospbofliesters are acre 
effective as antisense oligonucleotides. Agraval, 
Tibtech Ifi: 152-158 (1992) has. extensively reviewed the 
use of aodified oligonucleotides as antiviral agents. 

Sarin et al., Proc. Natl. Acad. Sci« USA ££: 7448- 
7451 (1988) teaches that oligodemvnuoleoside 
aethylphosphonates are more active as inhibitors of HIV-l 
than conventional oligodeoxynucleotides. 

Agraval et al./Proc. Natl. Acad. Sci. USA B£: 7079- 
7083 (1988) teaches that oligonucleotide 
phosphorothioates and various oligonucleotide 
phosphoraaidates are nore effective at inhibiting HZV-l 
than conventional oligodeoxynucleotides. 

Agraval et al., Proc. Natl. Acad. Sci. USA A&- 7790- 
7794 (1989) discloses the advantage of oligonucleotide 
phosphorothioates in inhibiting HIV-1 in early and 
chronically infected cells. 

» 

An additional characteristic that ..renders 
oligonucleotides nore effective as antisense agents is 
the ability to activate RNase R. Thus, oligonucleotide 
phosphorothioates, vhich are both resistant to 
nucleolytic degradation and activators of KNase H, are 
effective as inhibitors of HZV-1 and several other 
viruses. 

6ao et al. Anti&icrob. Agents and C!hea/ 808 
(1990) discloses inhibition of HSV by oligonupleotide 
phosphorothioates • 

Storey et al., Nucleic Acids Ses. 12: 4109 (1991) 
discloses inhibition of HFV by oligonucleotide 
phosphorothioates . 

Leiter et al., Proc. Natl. Acad. Sei. USA 87: 3430 
(1990) discloses inhibition of influensa vj.ru8 by 
oligonucleotide phosphorothioates. 
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Unfortunately ^ ol Igonucleotlde phosphorothloates 
increase realetance to nuoleolytlo degradation but do not 
provide complete resietance In XlXft* 

Agraval et al., Proc* Natl. Aoad. 8ci« USA Afi.: 7595- 
7599 (1991) teaches that oligonucleotide 
phosphorothioates are extensively degraded tram the 3* 
end in mice. 

In addition, oligonucleotide phosphorothioates fora 
less stable duplexes between the oligonucleotide and 
target than oligodeoxynudeotides phosphodiesters • To 
overcoae these deficiencies, oligonucleotides having cap 
Structures at the 3' terminus have been developed. 
Agraval and Goodchildr Tetrahedron Lett. 3539-3542 
(1987) discloses the use of oligodeoxynucleoside 
methylpbosphonates as 5* and 3* capping agents. 8hav et 
al., Nucleic Acids Res. 12: 747-750 (1991) discloses 
oligodeoxynucleotide phosphodiesters having blocking 
structures at the 3* end. 

Temsamani et al. , in Antieenfle strategteM . Annals of 
New York Academy of Sciences (in press) (1992) discloses 
3* capped oligonucleotide phosphorothioates. 

Even these nuclease resistant 3* capped 
oligonucleotides can become degraded eventually as the 3 * 
capped end of these oligonucleotides .is slovly digested 
by a combination of endonuclease and exonuclease 
activities. 

There is, therefore, . need for oligonucleotides 
that form stable diqplexesi resist nticleolytie degradation 
and activate SNase B, without the disadvantages of 
oligonucleotides that are known in the art. Ideally, 
such oligonucleotides should resist even the boubined 
effect of endonudeases and exonudeases, should stably 
pair with target sequences at physiological toitperatures , 
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should activate Kimse H and should produce only 
nucleosides as degradation products. 

01 igonuoleot Idas having aal f -coaplaaentazy 
atruoturaa that can raault In hairpin f oxaatlon ara known 
5 In tha art. 

Oamann at alt, Blochemlatry 21s 5698-5702 (1985) 
dlsoloaas a partially aalf-ooioplaBantary 24 -mar 
oligonuolaotida, d(GC)5 T4(CC),, that undargoaa a to 
Z-DKA tranBition* 
10 Hilbara at al., BloGhlala £2: 685-695 (1985) 

discusaas the dynaaioa of hairpin f ornatioh in a 
part ia 1 1 y sal f -conpl anant ary ol igonuolaot Ida , 

dATCCTAT^TAGGAT . 

Neither of these physical studies related to either 
15 oligonucleotide stability or to therapeutic use of 
oligonucleotides. 

Thus, the prior art is devoid of any teaching or 
suggestion about uaing salf-coapleipientary 
oligonucleotides in the antisanse oligonucleotide 
20 therapeutic approach, nor does it discuss the use of 
hairpin formation as a means of rendering an 
oligonucleotide resistant to nudeolytic degradation. 
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The Invention relates to novel tlierapeutio agents 
used in the antisense oligonucleotide therapeutic 
approach. The invention provides improved antisense 
5 oligonucleotides that are resistant to nncleolytic 
degradation. Oligonucleotides according to the invention 
resist nuoleolytio degradation, including the conibined 
effect of endonucleases and exonucleaaes . 
Oligonucleotides according to the invention form stable 
10 hybrids with target sequences under physiological 
conditions, activate RNase H and produce only nucleosides 
as degradation products. 

The advantages of oligonucleotides according to the 
invention, taiown as self-stabilised oligonucleotides, 
arise txcm the presence of tvo structural featiires: a 
target hybridizing region and a self-eoqpleAentary 
region. The target hybridising region ooavrises an 
oligonucleotide seqpaence that is coa^leaentary to a 
nucleic acid sequence that is fron a plant op aniaal 
20 virus, a pathogenic organisa, or a eell^ular gene or gene 
transcript, the abnomal gene ejqpression or product of 
vhioh results in a disease state. The self-compleBentary 
region coa^prises an oligonucleotide sequence that is 
complementary to a nucleic acid sequence vithin the 
25 Oligonucleotide. Thus, at least when the oligonucleotide 
is not hybridized to a target nucleic acid sequence, the 
oligonucleotide forms a totally or partially, double- 
stranded structure that is resUtant to nuoleolytio 
degradation. Since the inherent structure of these 
molecules confers resistance to nucleases, it is not 
necessary to use modified intemudeotide linkages to 
confer such resistance, although of course, modified 
linkages may be used. Thus, the use of oligoni^leotide 
phosphodiesters or oligonucleotide phosphoro^ioates , 
both of which are degraded In xlxft, is made feasible hy 
oligonucleotides according to the invention. This 
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results In ollgonuolsotldss that activate RNa^s B, an 

m 

iiBportant feature for the antisense therapeutic cosipoand. 
Also, the use of oligonucleotide phosphodiesters provides 
more stable hybridization between therapeutic - 
5 oligonucleotides and target sequences. Finally, 
degradation of such oligonucleotides results only in 
nucleotide breakdown products, thus ainiadsing potential 
toxiplty. These advantages result in a si^erior 
therapeutic oligonucleotide* 

10 The invention further provides self-stabilicfid 

ribosynes, since the self-coaiplementary aotif. of the 
invention can be conveniently used with ribonucleotides. 
Such rlbozyaes according to the Invention have generally 
typical ribozyme structiire, except that they have a self- 

15 coB^leaentary region at or near the 5' or 3> end. This 
region confers nuclease resistance upon the rlbozyaes, 
making then more stable than rlbozyaes that are. known in 
the art. 
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Figure 1 llluatratM a salf-stabilized 
oligonuoleotide according to tha invantion in hairpin and 
hybridised eonfigurationa. 

Figure 2 illustratas a Belf-atabilised 
oligonucleotide according to the invention in haiomer-llke 
configuration. 

Fic^re 3 shows results of diqplex stability studies 
for hybridisation between oligonucleotides or self- 
stabilised oligonucleotides and oenpleaentary target 
oligonucleotides . 

Figure 4 shows results of 3 * •exonuclease treatnent 
of oligonucleotides e 

Figure 5 shoirs the structure of self-stabilised 
oligonucleotides used in Exainples 1-4. 

Figure 6 shovs a mechanisa of therapeutic action of 
self«»stabilized oligonucleotides. 

Figure 7 shows a self -stabilised ribosyme according 
to the invention. This exaaple of a self -stabilised 
riboeyae according to the invention is coaqplenentary to 
the HIV gag region and results in the cleavage of a HIV 
gag aOOIA. 
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DETAILED DESCMPWOM 09 TOB 

The invention relates to novel therapeutic agente 
that are useful in the treatment of virus infections, 
infections by pathogenic organisas, and diseases arising 
froB abnomal gene e3q>ression or gene products. 
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In a first aspect , the invention provides 
therapeutic self-stabilised oligonucleotides that are 
more resistant to nucleolytic degradation than 
oligonucleotides that are known in the art. For purposes 
of the invention, the tera oligonucleotide includes 
polymers of ribonucleotides, deoxyribonucleotides, or 
both, vith ribonucleotide and/or deoxyribonudeotide 
monomers being connected together via 5* to 3* linkages 
which may include any of the linkages that are known in 
the antisense oligonucleotide art. In addition, the term 
oligonucleotides includes suCh molecules having .modified 
nucleic acid bases and/or sugars, as well as such 
molecules having added substituents , sudh as diamines, 
cholesteryl or other lipophilic groups. Certain 
preferred combinations of monomers and inter-monomer 
linkages are discussed in greater detail below. 

Oligonucleotides according to the invention are 
generally characterized by having two regions: a target 
hybridizing region and a self-cosxplementary riigion. A 
first embodiment of a self-stabilized oligonucleotide 
according to the invention is shown in Figure 1.. In this 
embodiment, the target hybridizing region is shown as 



m^A «>K* ^^0^4 
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self-oamplenentary regions an4/or by bass-pairing between 
coinplemntary sequences within the self-conpleaentary 
region. !«hen the oligonucleotide encounters a nucleic 
acid aolecule having a conpleaentary nucleic acid 
sequence, base-pairing between the target hybridising 
region and the self-ooqpleaentary region o£ the 
oligonucleotide is disrupted and replaced by base-pairing 
between the target hybridising region of the 
oligonucleotide and the oenpleaentary nucleic acid 
sequence of the target nucleic acid aolecule. This 
disruption and replacement of base-pairing takes place 
because the intemolecular base-paired structure f oraed 
by the hybrid between the target nucleic acid sequence 
and the target hybridising region is sore 
theraodynamically stable than the intra-aolecular base- 
paired structure foraed by the self-oaapleaentary 
oligonucleotide. This phenoaenon is illustrated in 
Figure 3 and discussed in greater detail in Eaaigtle 4. 

A second eabodiaent of an oligoaholeotide according 
to the invention operates in a siailar way as the first 
eabodiaent, but foras a different structure upon self- 
conpleaentary base-pairing. This alternative eal>odiaent 
foras a haaaer-like structure as shown in Figure 2. m 
this eabodiaent, the self-coqpleBentary region cantains 
oligonucleotide sequences that can base pair with other 
oligonucleotide sequences within the self-ooapleBentary 
region. The self oaonpleaentary region aay also contain 
oligonucleotide sequences that are caapleaentary to the 
target hybridizing region. 

The target hybridising region of an oligonucleotide 
according to the invention hae an oligonucleotide 
sequence that is coapleaentary to a nucleic acid sequence 
that is from a virus, a pathogenic organisa, or a 
cellular gene or gene transcript, the abnoraal gene 
eacpression or product of which results in a disease 
state. Preferably the target hybridizing region is from 
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about 8 to about 50 nucleotldOB In length. For purposes 
of the Invention, the tern "oligonucleotide sequence that 
is conpleaentary to a nucleic acid sequence" is intended 
to aean an oligonucleotide sequence (2 to about 50 
nucleotides) that hybridises to the nucleic acid sequence 
under physiological conditions, ^jjUi by Watson-Crick 
base paring (interaction between oligonucleotide and 
single-stranded nucleic acid) or by Hoogsteen base 
pairing, (interaction betveen oligonucleotide and double- 
stranded nucleic acid) or by any other means. such 
hybridization under physiological conditions is aeasured 
as a practical natter by deserving interference with the 
function of the nucleic acid sequence* 

The nucleic acid sequence to which the target 
hybridising region of an oligonucleotide according to the 
invention is coi^leBentary will vary, depending upon the 
diaease condition to be treated. In many cases the 
nucleic acid sequence will be a virus nucleic acid 
sequence. The use of antisense oligonucleotides to 
inhibit various viruses is well known, and has recently 
been reviewed in Agrawal, TibtaCh lft:lS2-188 (1992). 
Viral nucleic acid sequences that are coopleBentary to 
effective antisense oligonucleotides have been described 
for aaiqr viruses, including human inBunodefioiexioy virus 
type 1 (U.S. Patent No. 4,806,463, the teadiiings of 
which are herein incorporated by reference), Berpes 
simplex virus (U.S. Patent No. 4,689,320, the teachings 
of trtilch are hereby incorporated by reference), 
Influensa virus (U.S. Patent No. 5,XXX,XXX} Ser. No. 
07/516,275, allowed June 30, 1992 7 the teachings of which 
are hereby incorporated by reference), and Buaan 
papilloaa virus (Storey et al.. Nucleic Acids Res. 
12:4109-4114 (1991)), Sequences coB^lenientary to any of 
these nucleic acid sequences can be used for the target 
hybridizing region of oligonucleotides according to the 
invention, as can be oligonucleotide sequences 
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compleBentary to nucl«io aoid sequMioM from any other 
virus. Additional viruses that have known nucleic acid 
seguenees against which antisense oligonucleotides can be 
prepared include Foot and Mouth Disease Virus f saa 
5 Robertson et al., J. Virology ai: 651 (1985); Barris.et 
al., J. Virology 2£: 659 (1980)), Yellow Fever Virus f sea 
Rice et al.. Science 726 (1985)}, Varioella-Zoster 
Virus (fififi Davison and Scott, J. Gen. Virology £2: 2279 

(1986) , and CuiBuinber Mosaic Virus f fiaa Richards et al., 
10 Virology fij: 395 (1978) ) . 

Alternatively, the target hybridizing region of 
oligonucleotides according to the invention can have an 
oligonucleotide sequence conqplei&entary to a nucleic acid 
sequence of a pathogenic organisa. The nucleic acid 

15 sequences of aany pathogenic organisos have been 
described, including the aalaria organism, PlaaMotHuin 
ffllgiPflrtt3B# and aany pathogenic bacteria. 
Oligonucleotide sequences ooapleaentary to nucleic aoid 
sequences from any such pathogenic organism oan term the 

20 target hybridizing region of oligonucleotides aooording 
to the invention. Bxaaples of pathogenic eukaxyotes 
having known nucleic acid sequences against which 
antisense oligonucleotides can be prepared, include 

25 et al.. Nature 350 (1984)), F^aelola (g^^ 

zurita et al., proc. Natl. Acad. sci. dsa ils 2340 

(1987) . Antifungal oligonucleotides can be prepared 
using a target hybridising region having an 
oligonucleotide sequence that is coaplementary to a 

30 nucleic acid sequence from, fl^, the chitin synthetase 
gene, and antibacterial oligonucleotides can be prepared 
using, j[Uflj.# the alanine racemase gene. 

In yet another enbodiment, the target hybridizing 
region of oligonucleotides according to the invention oan 
35 have an olioonueiAAf^ifiA m^mt^^^^ '*'*~>le]iientary to a 
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oellular gene or gene transcript, the abnomal e3q;>res8lon 
or product of which results in a disease state. a!he 
nucleic acid sequences of several such cellular genes 
have been described, including prion protein (Stahl and 
5 Prusiner, FASBB J. fi: 2799-2B07 (1991)), the aayloid-like 
protein associated with Alzheimer's disease (U.S. Patent 
No. 5,015,570, the teachings of irtiich are hereby 
incorporated by reference), and various well-known 
oncogenes and proto-oncogenes, such as e -mvb . c- iye . o- 

10 Abi, and n-UB. in addition, oligonucleotides that 
inhibit the synthesis of structural proteins or enzynes 
involved largely or exclusively in spematogenesis, spam 
motility, the binding of the spera to the e^g or any 
other step affecting spera viability nay be used as 

15 eontraceptlves for men. siailarly, contraceptives for 
women may be oligonucleotides that inhibit proteins or 
enzymes involved in ovulation, fertilization, 
iaqplantation or in the biosynthesis of hormones involved 
in those processes. 

20 Hypertension can be o.ontrolled by 

oligodeoxynuoleotides that suppress the synthesis of 
angiotensin converting enzyme or related enzymes in the 
reniv Angiotensin system; platelet aggregatim can be 
controlled by suppression of the synthesis of enzymes 

25 necessary for the synthesis of thromboaeane A2 for use in 
myocardial and cerebral circulatory disorders, infarcts, 
arteriosclerosis, embolism and thrombosis i deposition of 
cholesterol in arterial wall can be inhibited by 
suppression of the synthesis of fattyacryl oo-«nzyae At 

30 cholesterol acyl transferase in arteriosclerosis; 
inhibition of the synthesis of cholineptaosphotransferase 
may be useful in hypolipidemia. 

There are numerous neural disorders in which 
hybridization arrest can be used to reduce or eliminate 

35 adverse effects of the disorder. Per example, 
suppression of the synthesis of monoamine oxidase can be 
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used in Parkinson's disaase; supprsssion of catechol o- 
nettayl transferase can be used to treat depression; and 
suppression of indole N-methyl transferase can be used in 
treating sohiBophrenia. 

Suppression of selected ensyans in the arachidonic 
acid cascade i^ch leads to prostaglandins and 
leukotrienes nay be useful in the control of platelet 
aggregation, allergy, inflaamation, pain and asthna. 

Suppression of the protein expressed by the 
multidrug resistance (adc) gene, which is responsible for 
developawnt of resistance to a variety of anti-cancer 
drugs and is a major impediment in chemotherapy may prove 
to be beneficial in the treatment of cancer. 
Oligonucleotide sequences coaplementaxy to nucleic acid 
sequences from any of these genes can be used for the 
tariget hybridising region of oligonucleotides according 
to the invention, as can be oligonucleotide sequences 
ooaqplementery to any other cellular gene or gene 
transcript, the abnormal eiqpression or product of which 
results in a dissMe state. 

Antlaense Mgulation of gene esqpreeelon in plant 
cells has been described in UeSe Patent No. 5,107,065, 
the teachings of which are hereby incorporated by 
reference • 

In a second aspect, the invention provides nuclease 
resistant oligonucleotides that activate RNase B. The 
target hybridising region of oligonucleotides according 
to the invention say contain ribonucleotides, 
deoxyrlbonucleotides or any analogs of ribonucleotides or 
deoxyribonuoleotides. In one preferred embodiment, this 
region is eampoaeA of ribonucleotides. In- another 
preferred embodiment, this region is camposed of 
deoxyribonuoleotides. In yet another preferred 
embodiment, this region comprises a mixture of 
ribonucleotides and deoxyrlbonucleotides. An additional 



PCrAJS93/0fi326 



-14- 

preferred enbodlaent has a target hybridising region 
comprising oligonucleotide phosphodiesters, 
phosphorothioates, or pbosphorodithioates , or mixtures or 
these with ribonucleotides or deoxyribonucleotides* 
These preferred embodiments all provide for the 
activation of RNase E, as long as four or more contiguous 
deoxyribonudeotide ^osphodiesters, phosphorothioates, 
or pbosphorodithioates are present. Of course, other 
embodiments employing target hybridizing regions that do 
not activate RNase H can also be made. 

Synthesis procedures for eadh of these embodiments 
are veil known in the art. Both oligodeoxyrlbonucleotide 
phosphodiesters and oligodeoxyribonucleotide 
phosphorothioates and their analogs can be synthesized by 
the H-phosphonate approach described in U.S. Patent No. 
5, , r(8er. No. 07/334,679; alloved on March 19, 
1992) , the teachings of which are hereby incorporated by 
refermce. The H-phosphonat. approach can also b. uswl 
to synthesis. oligorlbonucl.otlde's and 
oligoribonucleotid. analogs, as dMorlM In Agrawal and 
Tang« Tetrahedron Lett. 7541-7544 (1990) . Synthesis 
of oligonucleotide phosphorodithioates is also known in 
the art. 

Of course, nany other embodinents are possible, and 
those skilled in the art will recognise that other 
analogs or combinations of analogs can be used in the 
target hybridising region of oligonucleotides .according 
to the inventicm. Such analogs are Characterised by 
having intemucleotide linkages other than the natural 
phosphodiester linkage. The synthesis of nany such 

analogs is veil known in the art, including analogs 
having alkylphosphonate, (Agrawal and Goodchild, 
Tetrahedron Lett. 2&: 3539-3542 (1987)) or 
phosphoranidate (Agrawal et al., Proc. Natl. Acad. Sci. 
USA 7079-7083 (1988)) linkages. 
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The second slgnlfioant region of Belf-Btabillsed 
oligonucleotides according to the invention is the self- 
cogqpleaentary region. The self -complementary region 
contains oligonucleotide sequences that are conipleaentary 
to other oligonucleotide sequences vithin the 
oligonucleotide. These other oligonucleotide sequences 
nay be within the target hybridizing region or vithin the 
selfrcoB^lementary region, or they nay span both regions. 
The oompleaentary sequences fona base pairs, resulting in 
the foroation of a hairpin structure, as shown in Figure 
1, or a hanner-like structure, as shown in Figure 2. 
Either the hairpin structure or the haaoner-like structure 
can have loops resulting frojA non-base-paired 
nucleotides, as shown in Figure l for the 'hairpin 
15 structure, or can be devoid of such loops, as shown in 
Figure 2 for the haaner-like structure. The number of 
base-pairs to be formed by intra-noleoular h^Mridisation 
involving the self -complementary region may vary, but 
should be adequate to maintain a double-stranded 
20 structure so that the 3« end is not accessible to 
endonucleases. Generally, about 4 or more base-pairs 
will be necessary to maintain such a double->stranded 
structure. In a preferred embodiment, there are about 10 
intramolecular base-pairs formed in the self-sti^ilised 
25 oligonucleotide, with the 10 base pairs being consecutive 
and involving the 3 '-most nucleotides. Of course, the 
intra-molecular base-pairing can be so extensive as to 
involve every nucleotide of the oligonucleotide. 
Preferably, this will involve a self-donplemantary region 
30 of about 50 nucleotides or less. 

In one preferred embodiment the self-cogqfilementary 
region may be connected to the target hybridising region 
by a suitable non-nucleic acid linker. Examples of such 
linkers include substituted or unsubstituted alkyl 
35 groups, m one most preferred embodiment the linker is 
a (ethylene glycol linker. At the larger sise for 
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thls linker, the eynthesls nay be oonveniently carried 

• ■ 

out by using conmercially available triethylene glycol 
that has a dimethyltrityl protective group at one end and 
a cyanoethylphosphoramidite group at the other end. 

The eelf-*coinplementary region nay contain 
ribonucleotides, deoxyr ibonucleotides , analogs of 
ribonucleotides or deoxyribonudeotides having artificial 
linkages, or combinations of any of the above. The 
ability to activate RNase H is not important for the 
self -complementary region, so nucleotides having 
artificial linkages that do not activate RNase H can be 
used in this region without diminishing the effectiveness 
of the oligonucleotide. Thus, in addition to 
phosphodiester and phosphorothioate or phosphorodithioate 
linkages, this region may also or alternatively contain 
phosphoramidate (including N-substituted 
phosphoramidates ) , alky Iphosphpnate , 
alkylpihosphonothioate linkages as well as non-phosphate 
containing linkages, such as sulfone, sulfate, and keto 
linkages. of course, in non-KNase B activating 
embodiments of self-stabilised oligonucleotides according 
to the invention, any of these linkages can be used in 
the ^rget hybridizing region as well. 

In one preferred embodiment, the self -stabilised 
oligonucleotide is rendered hyperstabiliced . This may be 
accomplished by incorporating into the self-complementary 
region one or more ribonucleotides or 2*-0-Me- 
ribonucleotides, wherein the complementary portion of the 
target hybridizing region is DMA. Alternatively, the 
complementary region of the target hybridizing region may 
contain ribonucleotides or 2 • -o-Me-ribonucleotides , and 
the self -complementary region may contain DHA. These 
oligonucleotides will be hyperstabilized because the 
interaction between DNA and RKA is more stable than the 
interaction between DKA and DNA. Yet another way in 
which the self -complementary region (and/or the linker 
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region) nay be nodlfied to yield a hyperstabillMd self- 

■ 

Btabilized oligonucleotide is to incorporate one or aore 
intercalaiting agent molecule. These oliffonucleotides are 
hyperstabilized because the intercalating agent 
5 stabilises the hybrid fomed between the self- 
conpleaentary region and the target hybridizing region. 
Any intercalating agent is acceptable for this purpose. 
Preferred intercalating agents include aoridine and 
ethidlua. Oligonucleotides containing aoridine are 
10 readily prepared by using the ooBnaercially available 
acridine--ON phosphoramidite, or 3 * -acr idine-cm CP6 
(Clontech Laboratories, Inc.). 

In a third aspect , the invention provides ribozyiaes 
that are acre stable than ribosymes that are known in the 

15 art. Ribosynes are catalytic BNA moleoules that cleave 
intemucleotide bonds. The stability of such ribosynes 
according to the . invention is provided by the 
incorporation of a self-conplenentary region at or near 
the 5' or 3* end of the ribosyne Mlec^e. This self- 

20 conpleiiientary region results in the formation of a 
hairpin or hammer-like structure, thus rendering the 5* 
or 3* end of the molecule double-stranded, which causes 
the ribosyme molecule to resist nucleblytic degradation. 
The structure and function of ribozymes is generally 

25 taught in U.S. Patent No. 4,987,071, the teachings of 
which are hereby incorporated by reference. 

In a fourth aspect , the invention provides a method 
for inhibiting the gene expression of a virus, a 
pathogenic organism or a cellular gene, the method 
30 comprising the step of providing self-stabilized 
oligonucleotides or ribozymes according to the invention 
to cells infected with the virus or pathogenic organism 
in the former two cases or to cells generally in the 
latter case. 
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in a fifth aspect, the Invention provides a Mthod 
of treating a diseased human or anisal in which the 
disease results from infection with a Vitus or pathogenic 
organism, or from the abno:niial expression or produce of 
5 a cellular gene. The method conqprises administering 
self-stabilized oligonucleotides according to the 
invention in a pharmaceutical ly acceptable carrier to the 
diseased human or animal. Preferably, the routes of such 
administration will include oral, intranasal, rectal and 

10 topical administration. In such methods of treatment 
according to the invention the self-stabilised 
oligonueleotidas nay aaainistarttd in oonjunotion with 
other therapeutic agents, SLtSUt AZT in the case of AIDS. 
A variety of viral dieeaees aay be treated by the 

15 nethod of treatment according to the invention, including 
AIDS, ARC, oral or genital herpes, papilloma varts, flu, 
foot and xtouth disease, yellow fever, chtcKen pox, 
shingles, HTLV-leukemia, and hepatitis. Aaoitg fungal 
diseases treatable by the aethod of treataent according 

20 to the invention are candidiasis, . histoplasaosis, 
cryptococoocis, blastoaycosis, aspergillosis, 
sporotrichosis, chrontoBycosis , deaatophytosis and 
coccldioidonyoosis. The aethod can also be used to treat 
rickettsial diseases (aju., typhus. Rocky Mountain 

25 spotted fever) , as well as seaaially transmitted diseases 



3ESDfi£fiUB. A variety of parasitic diseases can be treated 
by the method according to the invention, including 
aaebiasis, Chegas' disease, toxoplasaosls, 

30 pneumocystosis, giardiasis, eryptospor idiosis , 
trichomoniasis, and Pnau»oBv««»M « csartnt pneumonia; also 
worm (helminthic diseases) such as ascariasis, 
filariasls, trichinosis, schistosomiasis and nematode or 
oestode infections. Malaria can be treated by the method 

35 of treatment of the invention regardless of idiether it is 
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caused by £^ falclt>anm. £^ ^i^aKi £«. fiC&l&» or £^ 
BttlttrlBC> 

The infectious diseases identified above can all be 
treated by the method of treatment according to the 
invention because the infectious agents for these 
diseases are knovn and thus self-stabilised 
oligonucleotides according to the invention can be 
prepared, having a target hybridising region that has an 
oligonucleotide sequence that is coaplementary to a 
nucleic acid sequence that is an essential nucleic acid 
sequence for the propagation of the infectious agent, 
such as an essential gene. 

Other disease states or conditions that are 
treatable by the method according to the invention result 
from an abnormal expression or product of a cellular 
gene. Ihese conditions can be treated by administration 
of self -stabilized oligonucleotides according < to the 
invention, and have been discussed earlier in this 
disclosure • 

The invention provides numerous advantages over 
oligonucleotides that are knovn in the art. First, the 
self-stabilised oligonucleotides according .to the 
invention have a longer half -life than most known 
oligonucleotides, thereby lowering the dosage that will 
be required for therapeutic efficacy. Sven greater 
resistance to nuclease degradation can be provided by 
using nuclease resistant intemucleotide linkages near or 
cap structures at one or both ends of the 

oligonucleotide. Second, the ensynatic stability 
afforded by the base-paired structures involving the 
self -complementary sequences allows the use of 
oligonucleotide phosphodiesters , which otherwise are 
rapidly degraded. This provides the advantages of 
increased duplex stability and RNase H activation, irtiich 
are not both provided by any nuclease resistant 
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oligonucleotide known in the art* The advantage of RHase 
H activation is retained when oligonucleotide 
phoBphorothioates or phosphorodithioaties are used. A 
third advantage is that the only degradation product of 
several ei&bodiiaents of oligonucleotides according to the 
invention is nucleotides , e.g. , nucleoside TOnqphosphates 
and/or nucleoside nonothiophosphates. Finally, the 
invention allows the use of either deoxyribonudeosides 
or ribonucleosides* The ability to use the latter nakes 
the invention readily adaptable for use with ribozynes, 
for which enzymatic stability is critical. 

The following exaiq)les are provided to. further 
illustrate certain aspects of preferred eabodinents of 
the invention, and are not intended to be limiting in 
nature • 




The oligonucleotides used in the study are shown in 
Figure 5. Oligonucleotide CMPD A is ooBvlementary to a 
portion of the gag region of HZV->1. Oligonucleotide CHPD 
B uses this same region as a target hybridizing region, 
but adds a 3 * self --coB^lementary region of 10 
nucleotides. Oligonucleotides CMPD B and CMPD F are 
identical to CMPD B, except that the self-coaqplenentary 
regions of CHPD £ and CMPD P are 6 and 4 nucleotides, 
respectively. Oligonucleotide CMPD 6 is identical to 
CMPD A, except that it has 10 mismatched nucleotides 
(Tio) added at its 3* end. 

The oligonucleotides were tested for their relative 
resistance to 3" exonudeolytic degradation. For each 
oligonucleotide, 0.4 Aim units of oligonucleotide was 
lyophilized, dissolved in 0.5ml buffer (lOn« Trie, lOnOI 
Mgcijr pH 8.5) and mixed with 5^1 (1.5 milliunits) of 



WOM/01S50 



PCT/USS3/0C326 



10 



15 



-21- 

snake venom phosphodiesterase (SVFD) • She alxture was 
incubated at 37^C in a thermally regulated cell and A^p 
was plotted against time. Oligonucleotide degradation 
was measured as function of increase in hyper chromicity* 

The results of these experiments are shown in Table 
I, below. These results demonstrate that self^stabilised 
oligonucleotide phosphodiesten according to the 
invention are far more resistant to 3* exoncleolytic 
degradation than either oligonucleotide phosphodiesters 
or oligonucleotide phosphodiesters having a non- 
coB^lementary tail. 

In addition to the testing described above, the 
oligonucleotides were also s\ibjected to DKA Polymerase I 
3 * -exonuclease digestion. As shown in Figure 4 the non- 

« 

self-stabilised oligonucleotides, CMPDs A and 6 were 
digested to completion in 30 minutes, whereas self- 
stabilised CMPD B was only partly digested over 30 
minutes . 



20 



CHPD A 
CKPD 6 
CMPD B 



for fiVPD dlossttnn 

75 seconds 
75 seconds 
950 seconds 



25 



30 




To test the relative nuclease resistance of self- 
stabilised and non-self-stabilised oligonucleotide 
phosphor othioates , a DNA Polymerase I 3*- exonuclease 

activity assay was usedi because of the slow degradation 

of oligonucleotide phosphorothioates by SVPD. 

All oligonucleotides .were labelled at the . 5*- end 
with gamma-^p-ATP and kinase. To a solution of 40 pmole 
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5 '-labelled oligonucleotide in 20m1 buffer (40 KK Trie. 

HCl pH 8.0, 10 nM MgClj, 5 HM DTT, SO BM KCl, SO^g/al 

BSK) , 5 units DNA polymerase I was added and incubated at 
37 C. Aliquots of 4ftl were taken at o, 30, 60, 120 
Binutea and were nixed with 6 |tl stop solution (98% 
foraaaide, 10 aN EDTA, 0.1% xylene cyanol, 0.1% 
bronophenol blue) . nie eaaplea were analysed by 15% 
acrylaaide gel (urea) and autoradiography. 

The results are shown in Figure 4. Fhoaphorothioate 
analog of CMPD A was digested to alaost 50% within 4 
hours. The pfaosphorbthioate analog of CMPD B, however, 
was undegraded after 4 hours. Phosphorothioate analogs 
of CMPD E and P, which have 6 and 4 base pairs of self- 
conpleaentary sequence, respectively were also found to 
15 be stable. Phosphorothioate analog of CMPD G, having 
extended structure, but no self-oeaipleBentary region, was 
digested at sane rate as CMPD A. Xhese results 
demonstrate that self -stabilised oligonyoleotide 
|>hos]>horothioate8 are far sore resistant to nuoleolytic 
20 degradation than are non-self-stabilised oligomjioleotide 
phosphorothioates . 



25 



30 



35 




Self-stabilised and non-self stabilised 

« 

oligonucleotide phosphodiesters were tested for their 
ability to inhibit Hiv-i in tissue culture. The 
oligonucleotides used in this study are shown 4ji Figure 

5. 

H9 lyaphocytes were infected with HIV-1 virions 
(■0.01-0.1 TCIDjj/cell) for one hour at 37*C. After one 
hour, unadsorbed virions were washed and the infected 
cells were divided aaong wells of 24 well plates. To the 
infected cells, an appropriate concentration (from stock 
solution) of oligonucleotide %ms added to obtain the 
required concentration in 2 al aediua. In a ..positive 



> 4 «■ * 
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control experiment ddc or AZT was added. The cells were 
then cultured for three days. At the end of three days, 
supernatant from the Infected culttire was collected and 
measured for p24 expression by ELISA. The level of 
expression of p24 was coinpared between oligonucleotide 
treated and untreated (no drug) infected cells. 

Cytotoxicity of oligonucleotides vas studied by 
culturing the cells with increasing concentration of 
oligonucleotide and by the trypan blue dye exclusion 
method. 

. The results, of two eiqperiments are shown in Table 
III, below. 
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Experl»«nfc 1 





CoDceatnitloB 

( b/bI) 


laUbltioB of 
P24 (%) 


%Ctll 
Sarrirml 


( B/Bl) 


i CMPDA 


25 


90 


93 


2 




S 


89 


103 






i 


15 


94 








26 


97 




CMPDB 


25 


90 


95 


0.25 




5 


S5 


92 






1 


84 


94 






0^ 


46 


103 




CMPD. 
1 ^ 


25 


86 


106 


• 




5 


86 


lOS 






1 


81 


106 






0^ 


0 


109 




AZT 


02 


90 


95 


0A37|iM 




0.04 


73 


98 






0.08 


44 


104 






.0016 


6 


108 


* 
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BmariHiftnfc 2 




All 8«lf-8tablllB»d oligonuolftotldas cxhibltad 
greater anti-HZV activity than CMPO A, the non-self- 
stabilised oligonucleotide. Greatest aotiylty was 
observed £or the self-stabilised oligonucleotide having 
10 self-conplenentary nuoleotides, whlcsh exhibited 
nearly ten tines the activity of the oligonuoleotide 
phosphodiester. The oligonucleotide CMPD G, which has a 
poly T tall, also showed some increase in activity. 
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probably as a result of stabilization frcm hybridization 
with polyA from ralBSk in the H9 cells • 

The probable mechanisn of action of the GMPD B 
oligonucleotide is shown in Figure 6. The 
S oligonucleotide enters the cell in a partially double- 
stranded form as a result of intramolecular base-paring 
involving the self -complementary region. As the 
oligonucleotide encounters on KIV RMA molecule having a 
nucleic acid seqpience that is complementary to the 

10 oligonucleotide sequence of the target hybridizing region 
of the oligonucleotide, hybridization occurs between the 
HIV RNA and the target hybridizing region; This 
hybridization disrupts the intramolecular hybridization 
involving the self-cosa>lementary region. RNase H 

15 activity then cleaves the HIV RNA, allowing the 
oligonucleotide to once again self-stabilize by 
intramolecular base-pairing. 

To test the relative anti-BIV activity of additional 
oligonucleotide structures, the above eiqperiment was 

20 repeated using additional oligonucleotides, a«r well as 
the oligonucleotides described in Experiments 1 ft 2 • The 
additional oligonucleotides are shown in Figure 5. These 
additional oligonucleotides were CMPD C, in which the 
self-complementary region is complementary to the 

25 oligonucleotide through its 5« end) CHPD D, which has a 
8 nucleotide self-coavlementary regioni and GMPD H, a 35 
mer oligonucleotide having perfect complementarity to the 
BXV gag RHA, but no self-cosiplementary regipn. The 
results of this third experiment are shown in Table IV, 

30 below. 

These results demonstrate that fully self- 
cos^lementary self-stabilized oligonucleotides are 

roughly equivalent in anti-HIV activity to partially 

self -complementary self-etabilised oligonucleotides. The 
35 results also show that four • self -complementary 
nucleotides are adequate to confer enhanced efficacy. 
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TABLB TV 












10 





COBMBtnitlOB 


lahibltioa of 
p24(%) 


Sarvtval 


ICgo 1 

(8/al) 1 


CMPDA 


5.0 


92 


97 


1.7 1 






36 


103 






02 


23 


102 






0.04 


0 


109 




CMPDB 




95 (97y» 


98(97>» 


0.5 (0.2)* 




1.0 


61 (74)* 


101(102)* 






0.2 


33 (49)* 


104 (103)* 






0.04 


0(19)» 


11 (106)* 




CMPD 
G 


5.0 


94 


97 


0.6 




1.0 


6S 


104 


4 




0.2 


11 




W 




0.04 


12 


110 




CMPD E 



S.0 


92 








1.0 




101 






0.2 


13 


103 






0.04 


0 


107 




CMFDF 


5.0 


95 


. 99 






1.0 


64 


102 


» 




oa 


48 


104 






0.04 


22 


109 




CMPDC 


5.0 


94 


96 


OJ 




1.0 


76 


101 






0.2 


39 


103 






0.04 


17 


106 





^Results of second independent screening. 
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To test the stability of duplexes foned between 
self-stabilized oligonucleotides and coaplementary 
nucleic acid sequences hybridisation studies vere carried 
out. In a first study oligonucleotide CMPD A, which 

10 lacks self-compleaientary sequences, was mixed at room 
temper ature with a complementary 25-mer oligonucleotide. 
The mixture was then gradually heated and increase in 
hyperchromicity was plotted against increase in 
temperature. In this study, the results of which are 

IS shown as a dotted line in Figure 3, the melting 
temperature of the duplex was found to be about 65^c. 

In a second study CMPD B, having the same target 
hybridizing region as CMPD A and a 10 nucleotide self- 
complementary region, was mixed with the same 25-mer 

20 Oligonucleotides at room temperature. The mixture was 
then gradually heated and increase in hyperchromicity was 
plotted against increase in temperature. The results, are 



I 



WO94/01S50 



PCT/US93/06326 



10 



15 



20 



25 



30 



35 



-29- 

Shown as a solid line in Figure 3. This tiae, in 
addition to the melting observed at about 65^C, an 
earlier increase in hyperchromicity was observed at about 
SS^C, corresponding to the melting of the intra molecular 
hydrogen bonds o£ the hairpin structure. This result 
indicates that the intramolecular base pairing involving 
the self-complementary region is less thermodynamically 
stable than the intermolecular base pairing between the 
target hybridising region and a complementary 
ol igonucleot ide • 

To further test the increased stability of the 
intermolecular base pairing relative to the 
intramolecular base pairing, CNPD B was then mixed with 
the same complementary 25«'mer oligonucleotide and heated 
to SO^'c, then allowed to cool to room temperature. This 
mixture was then gradually heated and increase in 
hyperchromicity was plotted against increase in 
temperatoure. The results are shown as a dashed line in 
Figure 3. Only a single melting temperature of about 
65^C was observed, indicating that the intermolecular 
base pairing between CNPD B and the complementary 25-mer 
oligonucleotide is favored in competition with 
intramolecular base pairing involving the self- 
complementary region. 

These results demonstrate that self-stabilised 
oligonucleotides will hybridise to complementary nucleic 
acid sequences notwithstanding the presence of 
oligonucleotide sequences within the oligonucleotide that 
are complementary to the target hybridising region. 
Since it is well known that certain types of 
oligonucleotide structures hybridise more stably than 
certain other types of oligonucleotide structures (e.g., 

BNA:DNA hybrids > DNA:I»ai hybrids and phosphodiester - 

containing oligos > phosphorothioate methylphosphonate or 
phosphoramidate - containing oligos) , these results also 
indicate that the preferential target hybridising effect 
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10 



aay be enhanced by designing the self-stabilized 
oligonucleotide such that the hybridisation between the 
target hybridising region and the target sequence 
involves more stably pairing oligonucleotide structures 
than the hybridization involving the self-conplenentary 
region • 

Those skilled in the art vill recognise that self- 
complementary regions can be prepared according to the 
above teachings and combined with a vide variety of 
target hybridising regions. 



15 



20 



25 



30 




To provide oligonucleotides having a more stable 
interaction betveen the self-coiaplementary region and the 
target hybridising region, oligodeoscynuolaoside 
phosphodiesters or oligodeoxynucleosldephosphorothioates 
were prepared that had 2-0-Me-ribonucleosides in the 
self-complementary region. As shown in Table V below, 
such oligonucleotides had a hyperstabilised interaction 
between the self-complementary region and the target 
hybridising region. Nevertheless, these oligonucleotides 
continued to favor formation of intermolecular hybrids 
with complementary DMA, relative to molecules containing 
intramolecular hybrids* 



DUPLEX STABILITY OF SELF-STABILIZED OLI60MUCLBOTIDES 
HAVING 2-0-Me-RIBONUCLEOTIDES IN THE SELF-CONPLBKENTARY 

REGION 



5 ' ■CTCTCCCACCCATCTCTCTC CTT CTCGACA -a» 
5* >CTCTCGCACCCATCTCTCTCCTTCTGGACAQ^ 3 




5 ' .CTCTaCACCCATCTCTCTCOTClffliftfiAfiAfi 
3' 



IN 



59^ 
66»C 
7I«C 



CoapleBentary 
with DMA (25 

111 
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Another class of hyperstabilised self-stabilised 

Oligonucleotides was prepared by covalently linking an 
acridine molecule to the terainua of the self- 
comple&entary region. These aolecules also demonstrated 
hyperstability of the interaction between the target 
hybridizing region and the self-complementcury region. 
Nevertheless, these molecules still preferentially formed 
intermoleeular hybrids with complementary DNA, relative 
to forming intramolecular hybrids. 



10 



15 



DUPLEX STABILITY 07 SELF- STABILIZED OLIGONDCLifeOTIDBS 
HAVING INTERCALATING AGENTS IN THE SBLF-COMPXiBMBNTARy 



^^^^ 




CmplwMntuy 1 
wltii DBA (25 
■»r) 


5* -CTCTO(xatfx«atfcicTeitx;rrc'iaL 


H/A 


67.5«C 


5' .<TOT(»CACCCATCICTCTOaiCTWg»S' 


H/A 


66.7'^ 


S''CTCT0CC;<U»CATCICICTCXaCICICCMysa-3' 


65'C 




5 ' -CTCTCKGACaATCXCTCTCCIICTGGitfUyGS-S 


66.8°o 


66.7^ 



20 



These results indicate that it is possible to 
oonstruot hyperstabilised self -stabilised 
oligonucleotides having very stable interactions between 
the sclf-coBplenentary region and the target hybridising 
region, without interfering with the ability of the 
oligonucleotide to form intermoleeular hybrids with a 
target nucleic acid. 
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«• olaimt 

1. A therapeutic self-stabilized oligonucleotide 
eonprising a target hybridizing region and a self- 
coBpleaentary region, 

5 wherein the target hybridizing region coq>riBe8 a 

oligonucleotide sequence conplenentary to a nuoleic acid 
sequence that is from a virus, a pathogenic organisa or 
a cellular gene, and wherein the self-ocgBplenentary 
region comprises an oligonucleotide sequence 
10 con^leiBentary to a nucleic acid sequence that is within 
the therapeutic self-stabilized oligonucleotide. 

2. A therapeutic Belf-stablllsed ollgoimoleotide 
according to claim 1, wherein the target hybridizing 
region conpriees four or nore contiguous 

15 deoxyribonucleotide phosphodiesters , phosphorothioates « 
or phoephorodithioatee. 

3. A therapeutic self-stabilised oligonucleotide 
according to claim i, wherein the self -complementary 
region comprises nucleotides selected from the group 

20 consisting of: deoxyribonucleotide or ribmucleotide 
phosphodiesters , phosphotriester phosphorothioates , 
phosphorodithioates, phoaphoramidates , all^lphosphonates, 
alkylphosphonothioates, ketones, sulfones and sulfates* 

4e A therapeutic self -stabilised oligonucleotide 
25 according to claim l, wherein the virus is selected from 
the group consisting of: human immunodeficiency virus, 
herpes simplex virus, human papilloma virus, influence 
virus, foot and mouth disease virus, yellow fever virus, 
Varicella-Zoster virus, and cucumber mosaic virus.. 
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5. A therapeutic self -stabilised oligwtmcleotide 
aooording to claim l, wherein the pathogenic organisa is 
selected from the group consisting of Plasinodluiii 

galciPttrUB# Trvpanoaona brutsAi ^ Leiahaanla . and Faceiola 
hepatiea . 

6. A therapeutic self -stabilised oligmiueleotide 
according to claim 1, wherein the cellular gene is 
selected from the group consisting of prion protein, 
Al8heimer*8 amyloid-like protein, and oncogenes or proto- 
oncogenes. 

7. A therapeutic Belf-stablllzed oligonucleotide 
according to claim 2 , wherein the eelf-coapleaientary 
region compriBes nucleotides selected from the group 
consisting of: deoxyribonucleotide or ribonucleotide 
phosphodiesters, phosphorothioatM , phosphorodithioates , 
phosphoramidates, alkylphosphonates, 
alley Iphosphonothioates , phosphoromorpholidates , ketones , 
Bulfones and sulfates. 

8. A therapeutic self -stabilised oligonacleotide 
according to claim 2, vherein the virus is selected from 
the group consisting of: human immunodeficiency virus, 
herpes simplex virus, human papilloma virus, influensa 
virus, foot and mouth disease virus, yellov fever virus, 
Varicella-*ZoBter virus, and cucumber mosaic virus. 

9. A therapeutic self -stabilised oligonucleotide 
according to claim 2, vherein the pathogenic organism is 
selected from the group consisting of ELuostAiim 
flalgjPttgUttf TrvpanQsoma brueq;^^ Leiahmanla . and Fasclola 

hepatica > 

10. A therapeutic self -stabilised oligonucleotide 
according to claim 2 , vherein the cellular , gene is 
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selected from the group consisting of prion protein, 
Alzheiner's amyloid-like protein, and oncogenes or proto- 
oncogenes • 

11. h therapeutic self -stabilized oligonucleotide 
according to claim 3, wherein the virus is selected from 
the group consisting of: human immunodeficiency virus, 
herpes simplex virus, human papilloma virus, influenza 
virus, foot and mouth disease virus, yellov fever virus, 
Varicella-Zoster virus, and cucuaiber mosaic virus. 

12. A therapoutle aelf-stablllzed oligonucleotide 
according to clain 3, wherein the pathogenic organism is 
selected from the group consisting of Plitmodltm 

mslSSLOmt TrvpanoBona bmeal . ^AifilmBnlAf and Faaeiola 

hwatiga • 

13. A therapeutic self -stabilised oligonucleotide 
according to claim 3« wherein the cellular gene is 
selected from the group consisting of prion .protein, 
Alsheimer's amyloid-liJce protein, and oncogenes or proto- 
oncogenes. 

14. A self-stabilised ribosyme having a self- 
complementary region at either or both of its 5' and 3» 
ends. 

15. A method of inhibiting the gene eagpressi'on of a 
virus, a pathogenic organism, or a cellular gene, the 
method comprising providing the self -stabilized 
oligonucleotide of claim 1 to virus or pathogen infected 
cells, or to uninfected cells, respectively. 

16. A method of inhibiting the gene expression of a 
virus, a pathogenic organism, or a cellular gene, the 
method comprising providing the self-stabilized 
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oligonueleotide of claim 2 to virus or pathogen infected 
cells, or to uninfected cells, respectively. 

17. A method of inhibiting the gene ej^ression of a 
virus, a pathogenic organism, or a cellular gene, the 
5 method comprising providing the self -stabilized 
oligonucleotide of claim 3 to virus or pathogen infected 
cells, or to uninfected cells, respectively. 

18 • A method of treating a diseased human or 
having a disease resulting from a vizus or pathogenic 
10 organism infection or frrai the abnormal es^ression or 
product of a cellular gene, the method comprising 
administering to the diseased human or iin4»ii^i 
oligonucleotide according to claim 1 in a 
pharmaceutically acceptable carrier. 

15 19. A method of treating a diseased human or animal 
having a disease resulting from a virus or pathogenic 
organism infection or from the abnormal expression or 
product of a cellular gene, the method comprising 
administering to the diseased human or awi^jii 

20 oligonucleotide according to claim 2 in a 
pharmaceutically acceptable carrier. 

-20. A method of treating a diseased human or animal 
having a disease resulting from a virus or pathogenic 
organism infection or from the abnormal expression or 
25 product of a cellular gene, the method coiq>rising 
administering to the diseased human or animal 
oligonucleotide according to claim 3 in a 
pharmaceutically acceptable carrier. 

21. A hyperstabilised self-stablized oligonucleotide 
30 having one or more ribonucleotide or 2'-o-ife* 
ribonucleotide in the self-coiQ>lementary region or in the 
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complementaxy portion of the target hybridising region. 

22. A byperstablized self-stabilized oligonuoleotide 
having one or more Intercalating agent aoleoule in the 
self-ccnqpleaentary region or In a linker region. 
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S'-CTCrCGCACCCATCT C TCICC i'ACT 



cnn c 



r-CTCTCGCAO 



ccE 



rAOAOAOAOGr 



T 

c 





r-CTCTCGCACCCA 




r-CTCTCGCACCCATCTCT 




T 
C 



F-CTCTCGCACCCATCTCTCTCC 

lllilUillJ 



cnrp H 



5*-CICI€GCACCCATCTCTCTCCrrCTAGC(:iGCGCT ^ 
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